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Linear and Nonlinear Causal Relationship between Apartment
Price Index and Apartment Jeonse Price Index
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I Abstract |

The purpose of this study was to examine a linear and a nonlinear causality between apartment
sale prices and apartment jeonse prices in Korea. The non-parametric method for the nonlinear
causality test was adopted to avoid model specification errors. Our empirical results showed that
a feedback relationship between two prices is observed on both linear and nonlinear tests. When
we included interest rates, stock prices and exchange rates to control the macroeconomic conditions,
there was the feedback relationship between the apartment sale price index and the apartment
jeonse price index on the both tests. However, the nonlinear test with the bivariate BEKK-GARCH
model demonstrated that the apartment jeonse price index Granger-caused the apartment sale
price index. This implied that the changes in apartment jeonse prices has an ability to predict
apartment sale prices. Our results suggested that investors and policy makers should consider
fluctuations in apartment jeonse prices for investment decisions and for establishing the real estate
policies.
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SR A8 Aol A yERdt OPﬁJrE“H“Hﬂ
AR} ol EMAZFAA| o R 9T T}
AL Y& AF, F 7HAAS Alolo ng—i-“&_—
(cointegration) TA7} £A1& & Ut wehA
ofutEnju7}A |40} o EAAZFAA S A
o]9] A& UAE HAESH] #dll Johansen &
B AANL AAJetg o T AI= (I 2)9
e Al

57843} ol Erfjull7 A X| 0} ol EA|7HA
A5 Alololl= 1719] FAEHE](cointegration

(¥ 2) Johansen 2X& A% Zu}
I Trace A% Max. QA%
0 SAZE (5%) | eigenvalue | (5%)
r=0 15.593" | 15.495 15.365" 14.264
r<1 0.228 3.841 0.228 3.841
F " p(0.05.

vector)7} 245k A0 & Yehyth ol 3

e 7123} 5

SAALE Apol9] BHE %7417}

Atk= AL9(2012), €521(2015), °1%
(2010)9] AFAe} YAsh= Ao, OPﬁJrE”H
mi7HA ] 420 ol EAA|7A RS Abololls &

7] A7}

oft T

2 olg5tuA

(& 3)9IM=

Ol E XA A5 Hekgo] tigt 7| 254
o] A A =0 Q).
9] I r=(skewness)= OHEW U 7}E | =

) L 72

=L ERgEL
£209 %2
222 o} 8L

AR A ot wetA,

E Ao FFHE IAE 183 VECM &

st
o) 7475

r
%

(E 30 & 5 A%l 7

=

rﬁ 4 e rr (B ol

I, o]z LEZFC0 R XX
oJu|gtet. oftE AA7FAA]
7HAAL glow A&o g 2§

Olu|stth A (kurtosis)=
e Eq'a%}:*“ 7HA AL QLo

A e B m s 320] ol

H|s| F4th=
Bera BAHS

A
=
=

= Yehdth. 3 Jarque-
Hy HE FEEE 23

8) ADFS} PP 9] AAIZHe -3.46(1%)3t —2.87(5%)o]tt. 17|11, Zivot and Andrews(1992) B'H 2] 1%} 5% $=Zo|A Q] A
e 7¥7} -5.57, -5.080] 1L Perron(1997) ¥FH o] AAIZES 1%} 5% $Zol|A] Ztzt
9) Johanen T E A5 95 AIC} SC71FE L2 HRARE FF5I e, 1 At B E 71FAA HZAIRF= 5712 LRt
HRARE 2~47]2 ART BA M= FARSE A7 Yeldt =29 1S Hoﬂ

2A3g & Aok

-5.86, -5.19°]t}.

FR AT AMAISHA] ot ARt A|
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(HE3) 71=8HE

(E 4) HMYY 382y

o OMFETHON7}Z4X|% | OHIFERAIZIZ{XI% a8 OMIFEMI7}Z{X|4: | OHIFEZNIZFZR|S:
'_I'I'T'_‘ tﬂ;l’% tﬁi}% * *
=2 2 RESET 24 3.801 2.944
b 0.003 0.004 =e 0.011) (0.033)
9% 0.002 0.003 STAR 5 8.650™ 2.944°
EE 0.040 0.046 (0.000) (0.033)
Even ~0.032 ~0.064 Teshold 2| 00 oo
HZHR} 0.008 0.011 v '982“ 1 '134
e 8.638 11.976 - -
Z " p(0.05, ” p€0.01.
Jarque-Bera 491.288 1,270.197
=¥ E (0.000) (0.000)
A7+ HeES ]85 AAIE B4 A= AY
SH=rhe AS 2ol 4= gk, PR oY Rgo] o HHsths 5L o

o]
=
Im
=
=)
N
N
N
[
o
_E:L
Im
Y
X,
N
N
X
>
5
©
=

o] BldF S AuE ado] ot sy,
ol AIAE Atm7t A8 S48 7HA AL 20l
T 499 HAdY 2ES AEGAI7IH 71 3
(spurious regression)2] A7} &A= Q17]
ol tHAH$- - &71&, 2014). AlAE A=2]
HAEAHS 54571 18l Ramsey(1969)2
RESET AA, Terisvirta(1994)2] STAR &4,
Hansen(1997)9] threshold 23 A& 181
Tsay(1986)9] F-A7& ol-&sto] A3t
A A= <3 4)ofl vrEkd lvk. A2784 1 of
nEjuj7}4 Hog2 B JH0NA AP S5
Aolghes AF7HAE 7145kl . ol EZA|
714 582 Threshold 232} F-HA S A9
2t 5 71| BAIRONA, 5% B-2lg=ll A ol E
AAM7HE kel Ay S5 olg= AF7H

2 717sie}. ol okutEvlE 714 3} ot e

i g
A9 1A JIITAE AS5H] fs) 2 A
TollA= AR 5712 A7 5taLl0), oftE
e 7FA RG> Hekey} ol EAA7FA A 4=2
H3ke-S 0] 83k o]H® VECM 23S A7A5}3l
o}, o]¥HEf VECM 2@ o]- &3t A 1304 QI
WA S5 A= (E 500 YEh Qo (3 5)
O] FHANE AW EY, ol EAA7}A A9
Ho}eo] ofmtEmu7}A X0 MokeS T
A AHsHA] greths A7 714 &
gt ol Enfjulj7}A X]4=0] ¥3kgo] ofutE A
VAR G0 sk T A] QIISHA] =t
AF7HE e 7|25}, o] 2|3t A= ot E vl
AR 4=0] ket ol EA7FA || ¥
Sh&o] G ApTA7F E2A3 = A om]
qtet.
202 Hiemstra and Jones(1994)2] BF'#
I} Diks and Panchenko(2006)9] < o]-&

10) HAIRFE F93 23}, SC7I1EAME HYARE 5712, AIC 71 EolHE 8712 Uehgeh. mhebA] 2 ATolA s S AR ]

Fol &he 5712 A7gakict
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Sangbae Kim - Seung-A Lee

(B 5) Mg oluA A5 ZAxt
X’ EA p-value
OMIE XM 7+ 24X|4=7} OMIFE IHONZF XIS Q1G] 4=Ct. 15.332" 0.009
OHIFEOHON 7+ 24X |47} OHIFE MM ZHAX|E QISHA| 4=D 18.316" 0.003

3 olwEnjul 1A% AskeT} ofsE A

oF L, AmHp(e)?] 2715 HA A 3of 5HA]

AR ok Ao o] HIAE ITBAE BAT o A3 JBAE ASoHe 233 2 ol
A= (E 6l AlASHA. 59| HAghe SAoh= U2 SASHA =
BIAY QJIATAAE F7o17] YollA] &2 Aol E}(Hiemstra and Jones, 1994). ©&}A &
A= VECM 232 59l 45 ofntEujui 714 ol Al+& Hiemstra and Jones(1994)%} Francis
A= HokE 0] 7R} ol EA|7FA A4 M3 et al.(2010)0l1412F 2ol m=1, L, = L, 2 75t
&9 S ol &5t Beh 2UF FEEZE FF AA Aol 1014 871A] ARSI, B35
£ 3451 oA A=Zol(lead length) E Y Huwal =] 5,8 ARG o= AAL
Bl m, AlRHEo|(lag length)E UEH= L o] BRHAS UEhdTh
(H 6) HIMY QA A3 2t
HO: OHIFEFN| 7} X|4=7} OFLEDHOH 7 P2 K| =5 QLtSHA| §I=Ct.
Hiemstra and Jones p-value Diks and Panchenko p-value

L =L=1 2.061" 0.020 1.909" 0.028

L =L1L,=2 2.271° 0.012 2.058" 0.020

L =L,=3 2.605" 0.005 2.505" 0.006

L =L =4 2.620" 0.004 24427 0.007

L, =L,=5 2.656" 0.004 2547 0.005

HO: OHItEHOHZ [ A X|4=7} OFLEMA|7HAX| =5 QItoHA| §H=Ct.
Hiemstra and Jones p-value Diks and Panchenko p-value

L =L =1 2273 0.012 2.221° 0.013

L =L =2 2.230° 0.013 2.162" 0.015

L =L =3 2.190° 0.014 2129 0.017

L, =1L,=4 2.210° 0.014 2192 0.014

L, =L=5 2.197° 0.014 2172 0.014
Z " p(0.05, " p<0.01.
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(I 6N AXE 84S A EH, Hiemstra
and Jones(1994)2] ¥} Diks and Panchenko
(2006)9] FH BT FU AoE HofFL 9]
T} &, ol EZA7FA A 427} otut E vl 7FA 4]
22 JA:A AR Gtk A5 713} ot
Ejuj7}A X571 ol ERA| AR S-S T1H
A QlafskA] k=t AF7HEo] BE 5 AR}
Zolofl Al 1%2} 5% 2520l A IRt a2 7t
Atk 22 & 5 At ol= A% T A] lapd

A HS 2t 5AT A2 ol Ewjui 74 2|
0] W&} oftEAA|7FA R0 HskE2
A= al& 7Fsstthe A& ofuleitt. A4 9 H|
AR A FHEATE 9o, Be HS
A ofEUjul7EAR| 40} ofutE HA|7HA
A= APl & skl S35 e Rtk A
ofu] gt}

FSAAIE Ui Q] ARZBA Q] A=l o °J=
= et mebs] & AtolAs AABAE
9] Y= 1st7| fish ot Eru7FA 2 0}4"4
ERA7HC 9= & o A= HF 82l
e iy A 81%1 oA et 7S g &
doto] AXA S SAstLAL gk 1D

WA, ZH(2017)= theld 8219l ghe &t
o] 0™ o|RkE A5l T otETHA Sl

A3t Ak FYeset olGH2019% F
0] FHAAG SRAA 39 A0} g4t

A8k sl BE2019) CDR840tE
ol 58 FUNAS ST, A §

SAITAL 5k, of*f2] 5}3%}“4 A 2

o] golsA n g FETIA L 55 H= v,
T8 FafjoiFo] FESHA Y= T RAEE HA
Ao EE|A "o, 5719 FosAte] WA= A
AtaiHwealth effect) @ F71 450l w2 of|AkA]
I A5 STV RS FAIR o]ofA 47}
A9] Wol= BEit 7H40) 92 & o vk F
7Pt BEiAe] 9% Al Balshke A
= Bol 2AIHFE71Z - AT, 2015; A,
2013; 4¥& - 3gE, 2009; Chen and
Ghysels, 2011; Green, 2002; Ibrahim, 2009;
Kakes and Van Den End, 2004; Kapopoupos
and Siokis, 2005; Sutton, 2002).

AN A 9] GFE oAl FEes
BASAANLRIECOS)ONA Alssh= D 4/
2 2% CDRe5I 5019107 A
AoJA AFote € KOSPIAIGE &85ttt
AXNA A LT A v Y A 9
T AT = (B 7> (E 8)ofl AAE] o U 13)
SO (I 5)9) (E 6)9] AT} A}

>,

2 N

E%H & ?i—?oﬂf\iL 7%]7“‘7(1] %%‘ J_Ei @2 %E =89
12) AZA(2017)& B71d S, TR EF 2, SIA

7)o 22eut 3k n)xicky kit au 2 ﬁ:r"oﬂ

S, cjo) Felel ot Fekg e nefol) 2o W

13) VECM 283} BEKK-GARCH 2
Panchenko(2006)2 373ttt
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g2 Fapulsae] 9%

i
it
=,
e
P
i}
i
3
N
2
-1)1
O_n_,
rol
r)-l

5 000l Usislol gl sl G A 50 B9, AN A1

itk sjgick. Teft 7}ﬂoﬂ e IRl ®

Pgs A BRI S i et
1

2E gQs 1y
33} 1E35(2012)=

, SARIGel & o] FErtA o njx] PgFe] Akl 519}, wh

o Hgste] EAIghct

u]x]& BHE, FEFEA 7=

[e]
=
%4 &l tidt 71& 271 HE CDRr s g4 E8st

K}*— 0]8-5}9] Hiemstra and Jones(1994)¢} Diks and



Sangbae Kim - Seung-A Lee

E7) &8, F7t, S2UE SHE 1Y QA 25 At
x* EHZ p-value
OHItEFNM|Z} 24 X|4=7t OFLFE IO 7 K| =5 QItSHA| Sh=Ct. 12.333" 0.031
OItEMHOHZ} 2 X| =7t OFIIETM| 7 AKX S QIRkSHA| =T 18.208" 0.003
(B 8) &g, 71, S2IE SHE HIMY QpetA AS 2t
HO: OHIFE M| 7} 24 X|4=7t OFIELHOH7 K= QUGHK| Qh=Ct.
Hiemstra and Jones p-value Diks and Panchenko p-value
L=L=1 2.258" 0.012 2.245 0.012
L =L =2 2.462" 0.007 2.401" 0.008
L =1,=3 2.665" 0.004 2.617" 0.004
L,=L,=4 2.486" 0.006 2.333" 0.010
L =L,=5 2.555" 0.005 2.468" 0.007
HO: OtIFEDHOH7 [ X|4=7+ OFIEMAMI7IA K= Q12HGHK| Gh=Ct.
Hiemstra and Jones p-value Diks and Panchenko p-value
L =L =1 3.048" 0.001 3.017" 0.001
L =L=2 2.800" 0.003 2.759" 0.003
L =L =3 2.835" 0.002 2.827" 0.002
L =L =4 2.784" 0.003 2.843" 0.002
L =L =5 2.356" 0.009 2.373" 0.009
=" p(0.05, " p<0.01.
A A9 W WY AnEHA 2425 oltE @tk =, optEstAy optEdAstA Y oE
W7 A4 A0t oFEAAVIAA = FHF A2 HEA o] adof 711 = ek & A
AIHA 7 EA 5= A= ElskA. oA %= Francis et al.(2010)°1412} o] ZFAto]
Hsieh(1991)2} Hiemstra and Jones(1994) A 2R 4= QL o|BALAS 1 E 5] Y o]

of oJstH, FA42lE9] HIAY +2+= ARCH
Zapo] ofsiA yerd 4= ek AH7E Ross
(1989), Andersen(1996)°] W=, A|AE A
5O HEAHS FH 7Y Fret 742 w=o]

Qlod, ol& WHEA a3volatility effect)=kal

of B4

oj¥zF BEKK-GARCH Z&ojA 9] B
VECM Z 30 3-8, F7}, 2a|2 94

FE FURE Ao® AR on, Eihy

(variance equation)< ofeie} &t

e

¥z BEKK-GARCH 2 g& 0|83
o},

ZAl O
O 71+

> B ok

2] A
o
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H, = C,C,+ Ae,_,e,_,A +BH,_\B (B 9) 88, 37}, 32|12 X3 BEKK-GARCH 28 3
4ﬂ|.
oJ71A, ¢, 2 H A o A YERd Ao o= PETIN tvalue
HEo]1l, H= 2R BA-ZEA FE S e e 0.055" 6.666
W, 2T A (0 Jol a1 ) ‘ 0010 1.550
- (bu ) ot e 0.000 ~1.49352¢-06
by1 by ’ ay 0.792" 11.391
E£3], AdflA9] tjZ 84 ofntEujul7FA %] a, -0.194° -3.457
o W3 ol EA AN 7HE A 4= ¥ eEo] thet ay, -0.098 -1.720
A JstA] 55t FZ o] ofutEujul7}A x| 4> ¥ 5} 4, 0.966" 8.770
&3} oI ERAI7MA RS HEEo] AR A b, 0.734' 22.821
o B = FFS e, Btz A s Ak E biy 0.036 1.063
IHcross effect)E YERHALT. by, 0.068" 3603
225 BA-FEA P-(A)o] FHFESHY by 0.755 19.527
H(positive definite matrix)°| =|7] It A<k 040,01,
%72 BEKK-GARCH 23-& 5 A==t
#E 9 JZHLA7L FH+H)9] S 7HAoF Bt H 10) GARCH 2| #Z51E THRIC| MIZ0| that Ljung-
3, B8] 429 o, g} b, gho] F)o] grg B QSN FE Iu
ZpAoF Gehs Flolck. (i 9yo] AAIE oz DRETHPIART | IEWRT
BEKK-GARCH 2409] 27 20k ol elst 2.2 LB (9) 8.000 (0.333) 4.254 (0.642)
LB (16) 15.604 (0.409) | 17.429(0.234)
2 B Tl Gles Bl LB (24) 19.083 (0.696) | 31.848(0.080)

(E 10)2 o]¥% BEKK-GARCH 2§ 9] 7 =" 0(0.01.

A4S B715k7] f1sh ot E wjulj7}A *] 4 ¥}

&9 EFohE HAHstandardized residuals,  of A 283t GARCH 230 o] 242 45|
e, AFT oFERAAZIAASO] #ESEH ExEly 9192 oulsit).

ZH2Kstandardized residuals, ¢,,)2] A5 ©] (I 10)9] 2 3}o]| what & A+1+= BEKK-
&5l°] Liung-Box Q-SAIFS F43 23to] GARCH E @& &-85to] 4% o] &4tdo] =
ok 384T, 7 MG A BE ol AMEE 7 HH RS o]-&oto] v E A HEE A
A QA = ACE UEHEOH, o= & A5 Ao}t 1 Ad= (E 110 AX =] Qirk.14

14) T8, F7h, FI8 2715 e Yo mre g
2RI 457} ofshEuful AR 4§ TR QLatehx] gheths ARAPE0] Aol 2, 3, 4oH OI% ARE AT

5
~
T
(9]
>
=
@]
s
s}
N
i
o
ofp
o
R
ra
o
o
A=)
r o)
)
oY,
ol
ih)
j‘ﬂ_‘
9
H
m
2,
X
N
N

ol
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Sangbae Kim - Seung-A Lee

5t

(H 11) BEKK-GARCH ZIxtE 0|85t H| X%

HO: OHEMAM|7tAX|=7} OFIFEDNOH 71 A X|=E Q1 2toIX| Gi=Ct.

Hiemstra and Jones p-value Diks and Panchenko p-value
L =L=1 0.834 0.202 0.785 0.216
L=1,=2 2.506" 0.006 2.495" 0.006
L,=1I,=3 2.697" 0.003 2.711" 0.003
L, =L,=4 2.204° 0.013 2.267 0.012
L =L,=5 2.301° 0.011 2.387" 0.008
HO: OHItEHOH 7} AX|4=7} OFLEMA|7HAX| =S QLtSHA| §H=Ct.
Hiemstra and Jones p-value Diks and Panchenko p-value
L =L=1 0.564 0.286 0.704 0.241
L, =L =2 -0.967 0.833 -0.721 0.765
L, =1IL,=3 0.018 0.492 0.464 0.321
L =L =4 -0.843 0.800 -0.355 0.639
L =L =5 -0.688 0.754 -0.092 0.537
ZF 17 p0.05, " p¢0.01.
(E 1D9 #427E duEH, offEQAZE  ofal Bk 2413(2010)3 74 1(2012)2 A
AR 7t ofmtEuZ AR +E IHA A T} FARRE Aotk
A Feths AF7HES AlREEo] 2, 3, 4, 5914
ROt S HojFal Qlot. Wit = ofmEn)
W7 hAR S ohtEAAIAASE A o V. BE

To}x) etk A WoIZT 9tk ofeig 4
e GE 693} (I 8)0] Uehdt ofstErhu 714
3} ol E A AL PO HlAY TRA
QUTHITHE FoeHe T oAb S 2% 2
3}, ofstEvfuj7Fa A 57t ol AAFA S 2
FRTHE AL o] By w3 el A0 Vet
s}, o]z okshE AAHA 7|5 2] W o] ol
Enju7bAR)40] W5 Aol 8] o= 7l

1O O - =

2 A9 FA42 Syt ofutEnH| 7HA 1}
O EAAN7IE S 2= 5 714 Ato] ] Qlat
BAE Hsl= Aolth. & A7 B4 28 H]
22 (non-parametric) BHel HAE A}
A AZ(nonlinear causality test)= 0]835
Aot BAE QA A =
Baek and Brock(1992) HFHZ<2l Hiemstra

H [e)
_L,:/}j‘_g

o] A& 3l FEEI= AAISHA] o, MAtA

87

fid
=

% gk,
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and Jones(1994)2] W& A1, FAA
AAES Y3l Diks and Panchenko(2006)2] ®
HES B85t Gallant et al.(1993) ©]
408 AMPHAT 22 A AE ARES AP
I} HIAE BAE A0 A4S Zlo] AAE
AmE Aol TAIE Hot Zlo] o]sid &= Utk
N iy

TAH LR 2 Aol A= KBF-&4t Litv ON
oA AlFst= A= E ol-&oton, FE7|7H
Ag $30] 7FsT 19919 3¥7H 20219 7
U7tA]olth. £ A4S QoFshd that 2t

AA|, A A TA A4 = ot Euul 7}
AR 5Q} ol E AN 71 A XS oFHFek ol

A7t EAoHE A2 UERT o] o] gt
FO &9 A& Hh= AEoA AEe At
o| ofutEH|uj7}FA X} ofutE A 7FA RS
= &8 P2 AXH A== AL rigitt

A, vAY A SN E AF QA
A L}E o] otutEufjul] 7}A 2|49} ofu}E XA
71AL gureko 2 1A ks A o g2 YEr
Wt ol2fRt Aib= = AABAY] e ¥
3= 1Eslr] {8l gk, =, 71 AR 2
e FAFSHA LR T

AA], Hsieh(1991)2} Hiemstra and Jones
(1994)9] 7733t o] o]l Z-&-5)= M9 H|
A go] Ws/d Aol o3 vehd o 2=
2517 9l o]z BEKK-GARCH 2 &< o4
Eﬂ* T3S 45 ol
o]-g-sto] HAF QA
AS= AASE 2t ol ERA|7FA A 4= ol

Enjui7 A58 Qlaitehs Anke A9t of

0|85

0.

.

R

=
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7 o Zo] 288 ZrHs AL oulsit. wety
ER0) £ HHO] BEAEA 5 A
oRtERA A gAYl fat 12t BaF
Aow ped

E19] 9AYS opstentoir AT ofut A
A7VAZES) St B2 chopet WES
B BASL QA Fohehs Holct. B, wis
£ Aolo] BAZ 2t Zo| of3sk7] 18] 4]
o} 918 1% WaAE Ak vixeto e 3
T A\ olwEr}2 st ool chErhs e
Tfato] o8 AEokE S8t AA o]

Hop A E oputE|ul 7143} ofatEZIA|7
Aol £4o] Qg ZoF s, o 2%
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